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school-wide comparative study
Meixun Zheng*, Daniel Bender and Cindy Lyon

Abstract
Background: The COVID-19 pandemic forced dental schools to close their campuses and move didactic instruction
online. The abrupt transition to online learning, however, has raised several issues that have not been resolved.
While several studies have investigated dental students’ attitude towards online learning during the pandemic,
mixed results have been reported. Additionally, little research has been conducted to identify and understand
factors, especially pedagogical factors, that impacted students’ acceptance of online learning during campus
closure. Furthermore, how online learning during the pandemic impacted students’ learning performance has not
been empirically investigated. In March 2020, the dental school studied here moved didactic instruction online in
response to government issued stay-at-home orders. This first-of-its-kind comparative study examined students’
perceived effectiveness of online courses during summer quarter 2020, explored pedagogical factors impacting
their acceptance of online courses, and empirically evaluated the impact of online learning on students’ course
performance, during the pandemic.
Method: The study employed a quasi-experimental design. Participants were 482 pre-doctoral students in a U.S
dental school. Students’ perceived effectiveness of online courses during the pandemic was assessed with a survey.
Students’ course grades for online courses during summer quarter 2020 were compared with that of a control
group who received face-to-face instruction for the same courses before the pandemic in summer quarter 2019.
Results: Survey results revealed that most online courses were well accepted by the students, and 80 % of them
wanted to continue with some online instruction post pandemic. Regression analyses revealed that students’
perceived engagement with faculty and classmates predicted their perceived effectiveness of the online course.
More notably, Chi Square tests demonstrated that in 16 out of the 17 courses compared, the online cohort during
summer quarter 2020 was equally or more likely to get an A course grade than the analogous face-to-face cohort
during summer quarter 2019.
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Conclusions: This is the first empirical study in dental education to demonstrate that online courses during the
pandemic could achieve equivalent or better student course performance than the same pre-pandemic in-person
courses. The findings fill in gaps in literature and may inform online learning design moving forward.
Keywords: Dental education, Online learning, COVID-19 pandemic, Instructional strategies, Engagement, Interaction,
Learning performance

Introduction
Research across disciplines has demonstrated that welldesigned online learning can lead to students’ enhanced
motivation, satisfaction, and learning [1–7]. A report by
the U.S. Department of Education [8], based on examinations of comparative studies of online and face-to-face
versions of the same course from 1996 to 2008, concluded that online learning could produce learning outcomes equivalent to or better than face-to-face learning.
The more recent systematic review by Pei and Wu [9]
provided additional evidence that online learning is at
least as effective as face-to-face learning for undergraduate medical students.
To take advantage of the opportunities presented by
online learning, thought leaders in dental education in
the U.S. have advocated for the adoption of online learning in the nation’s dental schools [10–12]. However,
digital innovation has been a slow process in academic
dentistry [13–15]. In March 2020, the COVID-19 pandemic brought unprecedented disruption to dental education by necessitating the need for online learning. In
accordance with stay-at-home orders to prevent the
spread of the virus, dental schools around the world
closed their campuses and moved didactic instruction
online.
The abrupt transition to online learning, however,
has raised several concerns and question. First, while
several studies have examined dental students’ online
learning satisfaction during the pandemic, mixed results have been reported. Some studies have reported
students’ positive attitude towards online learning
[15–20]. Sadid-Zadeh et al. [18] found that 99 % of
the surveyed dental students at University of Buffalo,
in the U.S., were satisfied with live web-based lectures
during the pandemic. Schlenz et al. [15] reported that
students in a German dental school had a favorable
attitude towards online learning and wanted to continue with online instruction in their future curriculum. Other studies, however, have reported students’
negative online learning experience during the pandemic [21–26]. For instance, dental students at Harvard University felt that learning during the pandemic
had worsened and engagement had decreased [23,
24]. In a study with medical and dental students in
Pakistan, Abbasi et al. [21] found that 77 % of the
students had negative perceptions about online

learning and 84 % reported reduced student-instructor
interactions.
In addition to these mixed results, little attention has
been given to factors affecting students’ acceptance of
online learning during the pandemic. With the likelihood that online learning will persist post pandemic
[27], research in this area is warranted to inform online
course design moving forward. In particular, prior research has demonstrated that one of the most important
factors influencing students’ performance in any learning
environment is a sense of belonging, the feeling of being
connected with and supported by the instructor and
classmates [28–31]. Unfortunately, this aspect of the
classroom experience has suffered during school closure.
While educational events can be held using a video conferencing system, virtual peer interaction on such platforms has been perceived by medical trainees to be not
as easy and personal as physical interaction [32]. The
pandemic highlights the need to examine instructional
strategies most suited to the current situation to support
students’ engagement with faculty and classmates.
Furthermore, there is considerable concern from the
academic community about the quality of online learning. Pre-pandemic, some faculty and students were
already skeptical about the value of online learning [33].
The longer the pandemic lasts, the more they may question the value of online education, asking: Can online
learning during the pandemic produce learning outcomes that are similar to face-to-face learning before the
pandemic? Despite the documented benefits of online
learning prior to the pandemic, the actual impact of online learning during the pandemic on students’ academic
performance is still unknown due to reasons outlined
below.
On one hand, several factors beyond the technology
used could influence the effectiveness of online learning,
one of which is the teaching context [34]. The sudden
transition to online learning has posed many challenges
to faculty and students. Faculty may not have had adequate time to carefully design online courses to take
full advantage of the possibilities of the online format.
Some faculty may not have had prior online teaching experience and experienced a deeper learning curve when
it came to adopting online teaching methods [35]. Students may have been at the risk of increased anxiety due
to concerns about contracting the virus, on time
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graduation, finances, and employment [36, 37], which
may have negatively impacted learning performance
[38]. Therefore, whether online learning during the pandemic could produce learning outcomes similar to those
of online learning implemented during more normal
times remains to be determined.
Most existing studies on online learning in dental education during the pandemic have only reported students’
satisfaction. The actual impact of the online format on
academic performance has not been empirically investigated. The few studies that have examined students’
learning outcomes have only used students’ self-reported
data from surveys and focus groups. According to Kaczmarek et al. [24], 50 % of the participating dental faculty
at Harvard University perceived student learning to have
worsened during the pandemic and 70 % of the students
felt the same. Abbasi et al. [21] reported that 86 % of
medical and dental students in a Pakistan college felt
that they learned less online. While student opinions are
important, research has demonstrated a poor correlation
between students’ perceived learning and actual learning
gains [39]. As we continue to navigate the “new normal”
in teaching, students’ learning performance needs to be
empirically evaluated to help institutions gauge the impact of this grand online learning experiment.

Research purposes

In March 2020, the University of the Pacific Arthur A.
Dugoni School of Dentistry, in the U.S., moved didactic
instruction online to ensure the continuity of education
during building closure. This study examined students’
acceptance of online learning during the pandemic and
its impacting factors, focusing on instructional practices
pertaining to students’ engagement/interaction with faculty and classmates. Another purpose of this study was
to empirically evaluate the impact of online learning
during the pandemic on students’ actual course performance by comparing it with that of a pre-pandemic cohort. To understand the broader impact of the
institutional-wide online learning effort, we examined all
online courses offered in summer quarter 2020 (July to
September) that had a didactic component.
This is the first empirical study in dental education to
evaluate students’ learning performance during the pandemic. The study aimed to answer the following three
questions.
1. How well was online learning accepted by students,
during the summer quarter 2020 pandemic
interruption?
2. How did instructional strategies, centered around
students’ engagement with faculty and classmates,
impact their acceptance of online learning?
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3. How did online learning during summer quarter
2020 impact students’ course performance as
compared with a previous analogous cohort who
received face-to-face instruction in summer quarter
2019?

Methods
This study employed a quasi-experimental design. The
study was approved by the university’s institutional review board (#2020-68).
Study context and participants

The study was conducted at the Arthur A. Dugoni
School of Dentistry, University of the Pacific. The program runs on a quarter system. It offers a 3-year accelerated Doctor of Dental Surgery (DDS) program and a 2year International Dental Studies (IDS) program for
international dentists who have obtained a doctoral degree in dentistry from a country outside the U.S. and
want to practice in the U.S. Students advance throughout the program in cohorts. IDS students take some
courses together with their DDS peers. All three DDS
classes (D1/DDS 2023, D2/DDS 2022, and D3/DDS
2021) and both IDS classes (I1/IDS 2022 and I2/IDS
2021) were invited to participate in the study. The number of students in each class was: D1 = 145, D2 = 143,
D3 = 143, I1 = 26, and I2 = 25. This resulted in a total of
482 student participants.
During campus closure, faculty delivered remote instruction in various ways, including live online classes
via Zoom@ [40], self-paced online modules on the
school’s learning management system Canvas@ [41], or a
combination of live and self-paced delivery. For selfpaced modules, students studied assigned readings and/
or viewings such as videos and pre-recorded slide presentations. Some faculty also developed self-paced online
lessons with SoftChalk@ [42], a cloud-based platform
that supports the inclusion of gamified learning by insertion of various mini learning activities. The SoftChalk
lessons were integrated with Canvas@ [41] and faculty
could monitor students’ progress. After students completed the pre-assigned online materials, some faculty
held virtual office hours or live online discussion sessions for students to ask questions and discuss key
concepts.
Data collection and analysis
Student survey

Students’ perceived effectiveness of summer quarter
2020 online courses was evaluated by the school’s Office
of Academic Affairs in lieu of the regular course evaluation process. A total of 19 courses for DDS students
and 10 courses for IDS students were evaluated. An 8question survey developed by the researchers (Additional
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file 1) was administered online in the last week of summer quarter 2020. Course directors invited student to
take the survey during live online classes. The survey
introduction stated that taking the survey was voluntary
and that their anonymous responses would be reported
in aggregated form for research purposes. Students were
invited to continue with the survey if they chose to participate; otherwise, they could exit the survey. The number of students in each class who took the survey was as
follows: D1 (n = 142; 98 %), D2 (n = 133; 93 %), D3 (n =
61; 43 %), I1 (n = 23; 88 %), and I2 (n = 20; 80 %). This resulted in a total of 379 (79 %) respondents across all
classes.
The survey questions were on a 4-point scale, ranging
from Strongly Disagree (1 point), Disagree (2 points),
Agree (3 points), and Strongly Agree (4 points). Students
were asked to rate each online course by responding to
four statements: “I could fully engage with the instructor
and classmates in this course”; “The online format of this
course supported my learning”; “Overall this online
course is effective.”, and “I would have preferred face-toface instruction for this course”. For the first three survey
questions, a higher mean score indicated a more positive
attitude toward the online course. For the fourth question “I would have preferred face-to-face instruction for
this course”, a higher mean score indicated that more
students would have preferred face-to-face instruction
for the course. Two additional survey questions asked
students to select their preferred online delivery method
for fully online courses during the pandemic from three
given choices (synchronous online/live, asynchronous
online/self-paced, and a combination of both), and to report whether they wanted to continue with some online
instruction post pandemic. Finally, two open-ended
questions at the end of the survey allowed students to
comment on the aspects of online format that they
found to be helpful and to provide suggestion for improvement. For the purpose of this study, we focused on
the quantitative data from the Likert-scale questions.
Descriptive data such as the mean scores were reported for each course. Regression analyses were conducted to examine the relationship between
instructional strategies focusing on students’ engagement with faculty and classmates, and their overall perceived effectiveness of the online course. The
independent variable was student responses to the question “I could fully engage with the instructor and classmates in this course”, and the dependent variable was
their answer to the question “Overall, this online course
is effective.”
Student course grades

Using Chi-square tests, student course grade distributions (A, B, C, D, and F) for summer quarter 2020 online
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courses were compared with that of a previous cohort
who received face-to-face instruction for the same
course in summer quarter 2019. Note that as a result of
the school’s pre-doctoral curriculum redesign implemented in July 2019, not all courses offered in summer
quarter 2020 were offered in the previous year in summer quarter 2019. In other words, some of the courses
offered in summer quarter 2020 were new courses offered for the first time. Because these new courses did
not have a previous face-to-face version to compare to,
they were excluded from data analysis. For some other
courses, while course content remained the same between 2019 and 2020, the sequence of course topics
within the course had changed. These courses were also
excluded from data analysis.
After excluding the aforementioned courses, it resulted
in a total of 17 “comparable” courses that were included
in data analysis (see the subsequent section). For these
courses, the instructor, course content, and course goals
were the same in both 2019 and 2020. The assessment
methods and grading policies also remained the same
through both years. For exams and quizzes, multiple
choice questions were the dominating format for both
years. While some exam questions in 2020 were different
from 2019, faculty reported that the overall exam difficulty level was similar. The main difference in assessment was testing conditions. The 2019 cohort took
computer-based exams in the physical classroom with
faculty proctoring, and the 2020 cohort took exams at
home with remote proctoring to ensure exam integrity.
The remote proctoring software monitored the student
during the exam through a web camera on their computer/laptop. The recorded video file flags suspicious activities for faculty review after exam completion.

Results
Students’ perceived effectiveness of online learning

Table 1 summarized data on DDS students’ perceived effectiveness of each online course during summer quarter
2020. For the survey question “Overall, this online course
is effective”, the majority of courses received a mean
score that was approaching or over 3 points on the 4point scale, suggesting that online learning was generally
well accepted by students. Despite overall positive online
course experiences, for many of the courses examined,
there was an equal split in student responses to the
question “I would have preferred face-to-face instruction
for this course.” Additionally, for students’ preferred online delivery method for fully online courses, about half
of the students in each class preferred a combination of
synchronous and asynchronous online learning (see
Fig. 1). Finally, the majority of students wanted faculty
to continue with some online instruction post pandemic:
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Table 1 Percentage of DDS students who “Agreed” and “Strongly Agreed” with the statement
D1 class (6 courses)

The online format
supported my
learning. (N = 141)

Overall, this
course is
effective. (N =
140)

I could fully engage with
instructor and
classmates.(N = 140)

I would have preferred face-toface instruction for this course
(N = 140)

Anatomy & Histology

35.5 % (2.1)

40.7 % (2.2)

44.3 % (2.3)

87.2 % (3.5)

Applied Biochemistry

85.7 % (3.1)

84.3 % (3.1)

66.6 % (2.7)

55.7 % (2.7)

Applied Physiology

85.9 % (3.1)

87.2 % (3.1)

69.3 % (2.8)

59.3 % (2.8)

Integrated Clinical Science I (ICS
I): Orientation to Clinical Practice
(Lecture)

81.6 % (3.0)

82.2 % (3.0)

70.8 % (2.8)

75.7 % (3.1)

Fundamentals of Restorative
Dentistry (Lecture)

72.3 % (2.8)

77.1 % (2.9)

66.4 % (2.7)

77.1 % (3.1)

Professionalism & Dentistry

94.3 % (3.3)

88.5 % (3.1)

74.2 % (2.9)

52.8 % (2.6)

D2 class (11 courses)

The online format
supported my learning.
(N = 132)

Overall, this course
is effective. (N =
130)

I could fully engage with
instructor and
classmates.(N = 130)

I would have preferred face-toface instruction for this course
(N = 130)

Pharmacology

55.3 % (2.6)

53.10 % (2.5)

57.7 % (2.2)

43.1 % (2.3)

Immunology & Microbiology

65.9 % (2.7)

64.6 % (2.7)

49.2 % (2.4)

43.9 % (2.3)

Integrated Clinical Science II (ICS 59.8 % (2.6)
II): Lecture

56.9 % (2.6)

50.8 % (2.4)

46.1 % (2.4)

Integrated Clinical Science II (ICS 89.4 % (3.3)
II): Integrated Case-Based
Discussion

83.1 % (3.1)

82.8 % (3.2)

37.7 % (2.2)

General Pathology

77.7 % (3.0)

76.9 % (2.9)

32.3 % (2.2)

79.6 % (3.0)

Practice Management

87.9 % (3.2)

85.4 % (3.1)

78.5 % (2.9)

38.5 % (2.2)

Pediatric Dentistry

75.7 % (2.9)

77.7 % (2.9)

61.5 % (2.6)

43.8 % (2.3)

Periodontics

72.7 % (2.8)

73.1 % (2.8)

55.4 % (2.5)

42.3 % (2.3)

Removable Prosthodontics
(Lecture)

72.0 % (2.8)

73.8 % (2.8)

62.3 % (2.6)

58.4 % (2.6)

Occlusion (Lecture)

55.3 % (2.5)

61.6 % (2.6)

56.2 % (2.5)

58.4 % (2.6)

Orthodontics

47.8 % (2.3)

60.0 % (2.6)

63.9 % (2.7)

48.4 % (2.4)

D3 class (2 courses)

The online format
supported my learning.
(N = 61)

Overall, this course I could fully engage with
is effective. (N = 60) instructor and classmates.
(N = 60)

Clinical Care of Complex Needs

83.6 % (3.0)

Integrated Clinical Science III (ICS 82.0 % (3.0)
III)

I would have preferred face-toface instruction for this course
(N = 60)

81.7 % (3.0)

76.6 % (3.0)

36.6 % (2.3)

73.3 % (2.90)

75.0 % (2.9)

35.0 % (2.3)

Note: Mean score on a 4-point scale are in parenthesis

D1class (110; 78.60 %), D2 class (104; 80 %), and D3 class
(49; 83.10 %).
While most online courses received favorable ratings,
some variations did exist among courses. For D1
courses, “Anatomy & Histology” received lower ratings
than others. This could be explained by its lab component, which didn’t lend itself as well to the online format. For D2 courses, several of them received lower
ratings than others, especially for the survey question on
students’ perceived engagement with faculty and
classmates.
Table 2 summarized IDS students’ perceived effectiveness of each online course during summer quarter
2020. For the survey question “Overall, this online

course is effective”, all courses received a mean score
that was approaching or over 3 points on a 4-point
scale, suggesting that online learning was well accepted by students. For the survey question “I would
have preferred face-to-face instruction for this course”,
for most online courses examined, the percentage of
students who would have preferred face-to-face instruction was similar to that of students who preferred online instruction for the course. Like their
DDS peers, about half of the IDS students in each
class also preferred a combination of synchronous
and asynchronous online delivery for fully online
courses (See Fig. 2). Finally, the majority of IDS students (I1, n = 18, 81.80 %; I2, n = 16, 84.20 %) wanted
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Fig. 1 DDS students’ preferred online delivery method for fully online courses

to continue with some online learning after the pandemic is over.
Factors impacting students’ acceptance of online learning

For all 19 online courses taken by DDS students, regression analyses indicated that there was a significantly
positive relationship between students’ perceived engagement with faculty and classmates and their perceived effectiveness of the course. P value was 0.00
across all courses. The ranges of effect size (r2) were: D1

courses (0.26 to 0.50), D2 courses (0.39 to 0.650), and
D3 courses (0.22 to 0.44), indicating moderate to high
correlations across courses.
For 9 out of the 10 online courses taken by IDS students, there was a positive relationship between students’
perceived engagement with faculty and classmates and
their perceived effectiveness of the course. P value was
0.00 across courses. The ranges of effect size were: I1
courses (0.35 to 0.77) and I2 courses (0.47 to 0.63), indicating consistently high correlations across courses. The

Table 2 Percentage of IDS students who “Agreed” and “Strongly Agreed” with the statement
I1 class (5 courses)

The online format
supported my
learning. (N = 23)

Overall, this
I could fully engage with
course is
instructor and classmates.
effective. (N = 22) (N = 23)

I would have preferred face-toface instruction for this course.
(N = 22)

Clinical Pharmacology & Pathology

86.9 % (3.2)

85.5 % (3.3)

78.2 % (3.1)

31.8 % (2.4)

Integrated Clinical Science I (ICS I):
Orientation to Clinical Practice
(Lecture)

91.3 % (3.3)

91.0 % (3.3)

82.6 % (3.2)

63.7 % (2.9)

Dental Radiology

69.5 % (2.9)

81.8 % (3.0)

56.5 % (2.7)

68.2 % (2.9)

Integrated Preclinical Science I (IPS
I): Direct & Indirect Restorative
Concepts (Lecture)

82.6 % (3.1)

86.4 % (3.1)

78.3 % (3.0)

54.6 % (2.8)

Removable Prosthodontics (Lecture)

73.9 % (3.0)

77.3 % (3.0)

56.5 % (2.8)

I2 class (5 courses)

The online format
supported my learning.
(N = 20)

Overall, this course I could fully engage with
is effective. (N =
instructor and classmates.
19)
(N = 19)

I would have preferred face-toface instruction for this course.
(N = 19)

Practice Management

100 % (3.3)

100 % (3.3)

31.6 % (2.3)

94.8 % (3.2)

72.7 % (3.0)

Clinical Care of Complex Needs

70.0 % (2.8)

94.7 % (3.1)

63.1 % (2.7)

42.2 % (2.4)

Integrated Clinical Science III (ICS III)

75.0 % (2.8)

73.7 % (2.7)

94.7 % (3.2)

52.7 % (2.5)

Pediatric Dentistry

80.0 % (2.9)

68.5 % (2.6)

63.2 % (2.5)

57.9 % (2.7)

Orthodontics

50.0 % (2.5)

78.9 % (2.7)

68.4 % (2.7)

68.4 % (2.9)

Note: Mean score on a 4-point scale are in parenthesis

Zheng et al. BMC Medical Education

(2021) 21:495

Page 7 of 11

Fig. 2 IDS students’ preferred online delivery method for fully online courses

only course in which students’ perceived engagement
with faculty and classmates didn’t predict perceived effective of the course was “Integrated Clinical Science III
(ICS III)”, which the I2 class took together with their D3
peers.
Impact of online learning on students’ course
performance

Chi square test results (Table 3) indicated that in 4 out
of the 17 courses compared, the online cohort during
summer quarter 2020 was more likely to receive an A
grade than the face-to-face cohort during summer quarter 2019. In 12 of the courses, the online cohort were
equally likely to receive an A grade as the face-to-face
cohort. In the remaining one course, the online cohort
was less likely to receive an A grade than the face-toface cohort.

Discussion
Students’ acceptance of online learning during the
pandemic

Survey results revealed that students had generally positive perceptions about online learning during the pandemic and the majority of them wanted to continue with
some online learning post pandemic. Overall, our findings supported several other studies in dental [18, 20],
medical [43, 44], and nursing [45] education that have
also reported students’ positive attitudes towards online
learning during the pandemic. In their written comments in the survey, students cited enhanced flexibility
as one of the greatest benefits of online learning. Some
students also commented that typing questions in the
chat box during live online classes was less intimidating than speaking in class. Others explicitly stated that

not having to commute to/from school provided more
time for sleep, which helped with self-care and mental
health. Our findings are in line with previous studies
which have also demonstrated that online learning offered higher flexibility [46, 47]. Meanwhile, consistent
with findings of other researchers [19, 21, 46], our students felt difficulty engaging with faculty and classmates
in several online courses.
There were some variations among individual courses
in students’ acceptance of the online format. One factor
that could partially account for the observed differences
was instructional strategies. In particular, our regression
analysis results demonstrated a positive correlation between students’ perceived engagement with faculty and
classmates and their perceived overall effectiveness of
the online course. Other aspects of course design might
also have influenced students’ overall rating of the online
course. For instance, some D2 students commented that
the requirements of the course “Integrated Case-based
Seminars (ICS II)” were not clear and that assessment
did not align with lecture materials. It is important to remember that communicating course requirements
clearly and aligning course content and assessment are
principles that should be applied in any course, whether
face-to-face or online. Our results highlighted the importance of providing faculty training on basic educational design principles and online learning design
strategies. Furthermore, the nature of the course might
also have impacted student ratings. For example, D1
course “Anatomy and Histology” had a lab component,
which did not lend itself as well to the online format.
Many students reported that it was difficult to see
faculty’s live demonstration during Zoom lectures, which
may have resulted in a lower student satisfaction rating.
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Table 3 Course grade distribution comparisons between the Summer quarter 2020 online cohort and the Summer quarter 2019
face-to-face cohort (In parenthesis: Face-to-face cohort)
Courses

Course grades

Chi
p
square
statistic

Higherperforming
cohort

A

B

C

D

F

Anatomy & Histology

79
(36)

43
(71)

19
(32)

5
(4)

0
(1)

27.37

0.00** Online

Integrated Clinical Science I (ICS I): Orientation to Clinical Practice
(Lecture)

63
(11)

71
(102)

9 (31)

2
(0)

0
(1)

57.20

0.00** Online

Fundamentals of Restorative Dentistry

22
(18)

56
(42)

57
(81)

10
(3)

0
(1)

11.34

0.02*

Online

Practice Management

66
(55)

66
(70)

11
(19)

0
(0)

0
(0)

3.25

0.20

No
difference

Integrated Clinical Science II (ICS II)

21
(32)

42
(50)

64
(59)

13
(2)

3
(0)

14.25

Pediatric Dentistry

17
(6)

62
(64)

52
(51)

10
(19)

2
(3)

8.30

0.08

No
difference

Periodontics

34
(25)

88
(90)

21
(28)

0
(0)

0
(0)

2.40

0.30

No
difference

Removable Prosthodontics (Lecture)

17
(16)

64
(60)

53
(56)

9
(11)

0 0.44
(0)

0.93

No
difference

Occlusion

37
(28)

81
(76)

24
(39)

1
(0)

0
(0)

5.98

0.11

No
difference

D3
class

Clinical Care of Complex Needs

89
(73)

52
(64)

2
(3)

0
(0)

0
(0)

2.99

0.22

No
difference

I1
class

Clinical Pharmacology & Pathology

22
(26)

3
(0)

1
(0)

0
(0)

0
(0)

4.33

0.11

No
difference

Integrated Clinical Science I (ICS I): Orientation to Clinical Practice
(Lecture)

11
(8)

13
(14)

2
(3)

0
(1)

0
(0)

1.73

0.63

No
difference

Integrated Preclinical Science I (IPS I):
Direct & Indirect Restorative Concepts (Lecture)

17
(18)

9
(7)

0
(1)

0
(0)

0
(0)

1.28

0.53

No
difference

Removable Prosthodontics (Lecture)

9
(11)

15
(12)

2
(2)

0
(0)

0
(1)

1.53

0.67

No
difference

Practice Management

13
(9)

11
(8)

1
(7)

0
(0)

0
(0)

5.682

0.06

No
difference

Pediatric Dentistry

4
(1)

14
(14)

7 (11)

0
(2)

0
(0)

4.53

0.20

No
difference

Clinical Care of Complex Needs

21
(13)

4
(11)

0
(0)

0
(0)

0
(0)

5.65

0.01*

Online

D1
class

D2
class

I2
class

0.00** Face-to-face

(** p < .01; * p < .05.)

As for students’ preferred online delivery method for
fully online courses during the pandemic, about half of
them preferred a combination of synchronous and asynchronous online learning. In light of this finding, as we
continue with remote learning until public health directives allow a return to campus, we will encourage faculty
to integrate these two online delivery modalities. Finally,
in view of the result that over 80 % of the students
wanted to continue with some online instruction after
the pandemic, the school will advocate for blended
learning in the post-pandemic world [48]. For future
face-to-face courses on campus after the pandemic, faculty are encouraged to deliver some content online to
reduce classroom seat time and make learning more
flexible. Taken together, our findings not only add to the

overall picture of the current situation but may inform
learning design moving forward.
Role of online engagement and interaction

To reiterate, we found that students’ perceived engagement with faculty and classmates predicted their perceived overall effectiveness of the online course. This
aligns with the larger literature on best practices in online learning design. Extensive research prior to the pandemic has confirmed that the effectiveness of online
learning is determined by a number of factors beyond
the tools used, including students’ interactions with the
instructor and classmates [49–52]. Online students may
feel isolated due to reduced or lack of interaction [53,
54]. Therefore, in designing online learning experiences,
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it is important to remember that learning is a social
process [55]. Faculty’s role is not only to transmit content but also to promote the different types of interactions that are an integral part of the online learning
process [33]. The online teaching model in which faculty
uploads materials online but teach it in the same way as
in the physical classroom, without special effort to engage students, doesn’t make the best use of the online
format. Putting the “sage on the screen” during a live
class meeting on a video conferencing system is not different from “sage on the stage” in the physical classroom
- both provide limited space for engagement. Such oneway monologue devalues the potentials that online
learning presents.
In light of the critical role that social interaction plays
in online learning, faculty are encouraged to use the
interactive features of online learning platforms to provide clear channels for student-instructor and studentstudent interactions. In the open-ended comments, students highlighted several instructional strategies that
they perceived to be helpful for learning. For live online
classes, these included conducting breakout room activities, using the chat box to facilitate discussions, polling,
and integrating gameplay with apps such as
Kahoot!@ [56]. For self-paced classes, students appreciated that faculty held virtual office hours or subsequent
live online discussion sessions to reinforce understanding of the pre-assigned materials.
Quality of online education during the pandemic

This study provided empirical evidence in dental education that it was possible to ensure the continuity of
education without sacrificing the quality of education
provided to students during forced migration to distance learning upon building closure. To reiterate, in
all but one online course offered in summer quarter
2020, students were equally or more likely to get an
A grade than the face-to-face cohort from summer
quarter 2019. Even for courses that had less student
support for the online format (e.g., the D1 course
“Anatomy and Histology”), there was a significant increase in the number of students who earned an A
grade in 2020 as compared with the previous year.
The reduced capacity for technical training during the
pandemic may have resulted in more study time for
didactic content. Overall, our results resonate with
several studies in health sciences education before the
pandemic that the quality of learning is comparable
in face-to-face and online formats [9, 57, 58]. For the
only course (Integrated Case-based Seminars ICS II)
in which the online cohort had inferior performance
than the face-to-face cohort, as mentioned earlier,
students reported that assessment was not aligned
with course materials and that course expectations
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were not clear. This might explain why students’
course performance was not as strong as expected.

Limitations
This study used a pre-existing control group from the
previous year. There may have been individual differences between students in the online and the face-toface cohorts, such as motivation, learning style, and prior
knowledge, that could have impacted the observed outcomes. Additionally, even though course content and assessment methods were largely the same in 2019 and
2020, changes in other aspects of the course could have
impacted students’ course performance. Some faculty
may have been more compassionate with grading (e.g.,
more flexible with assignment deadlines) in summer
quarter 2020 given the hardship students experienced
during the pandemic. On the other hand, remote proctoring in summer quarter 2020 may have heightened
some students’ exam anxiety knowing that they were being monitored through a webcam. The existence and
magnitude of effect of these factors needs to be further
investigated.
This present study only examined the correlation between students’ perceived online engagement and their
perceived overall effectiveness of the online course.
Other factors that might impact their acceptance of the
online format need to be further researched in future
studies. Another future direction is to examine how students’ perceived online engagement correlates with their
actual course performance. Because the survey data collected for our present study are anonymous, we cannot
match students’ perceived online engagement data with
their course grades to run this additional analysis. It
should also be noted that this study was focused on didactic online instruction. Future studies might examine
how technical training was impacted during the COVID
building closure. It was also out of the scope of this
study to examine how student characteristics, especially
high and low academic performance as reflected by individual grades, affects their online learning experience
and performance. We plan to conduct a follow-up study
to examine which group of students are most impacted
by the online format. Finally, this study was conducted
in a single dental school, and so the findings may not be
generalizable to other schools and disciplines. Future
studies could be conducted in another school or disciplines to compare results.
Conclusions
This study revealed that dental students had generally
favorable attitudes towards online learning during the
COVID-19 pandemic and that their perceived engagement with faculty and classmates predicted their acceptance of the online course. Most notably, this is the first
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study in dental education to demonstrate that online
learning during the pandemic could achieve similar or
better learning outcomes than face-to-face learning before the pandemic. Findings of our study could contribute significantly to the literature on online learning
during the COVID-19 pandemic in health sciences education. The results could also inform future online learning design as we re-envision the future of online
learning.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-021-02909-z.
Additional file 1: Survey of online courses during COVID-19 pandemic.
Acknowledgements
Not applicable.
Authors’ information
MZ is an Associate Professor of Learning Sciences and Senior Instructional
Designer at School of Dentistry, University of the Pacific. She has a PhD in
Education, with a specialty on learning sciences and technology. She has
dedicated her entire career to conducting research on online learning,
learning technology, and faculty development. Her research has resulted in
several peer-reviewed publications in medical, dental, and educational technology journals. MZ has also presented regularly at national conferences.
DB is an Assistant Dean for Academic Affairs at School of Dentistry,
University of the Pacific. He has an EdD degree in education, with a
concentration on learning and instruction. Over the past decades, DB has
been overseeing and delivering faculty pedagogical development programs
to dental faculty. His research interest lies in educational leadership and
instructional innovation. DB has co-authored several peer-reviewed publications in health sciences education and presented regularly at national
conferences.
CL is Associate Dean of Oral Healthcare Education, School of Dentistry,
University of the Pacific. She has a Doctor of Dental Surgery (DDS) degree
and an EdD degree with a focus on educational leadership. Her professional
interest lies in educational leadership, oral healthcare education innovation,
and faculty development. CL has co-authored several publications in peerreviewed journals in health sciences education and presented regularly at
national conferences.
Authors’ contributions
MZ analyzed the data and wrote the initial draft of the manuscript. DB and
CL both provided assistance with research design, data collection, and
reviewed and edited the manuscript. The author(s) read and approved the
final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was approved by the institutional review board at University of
the Pacific in the U.S. (#2020-68). Informed consent was obtained from all
participants. All methods were carried out in accordance with relevant
guidelines and regulations.
Consent for publication
Not applicable.

Page 10 of 11

Competing interests
The authors declare that they have no competing interests.
Received: 31 March 2021 Accepted: 26 August 2021

References
1. Bello G, Pennisi MA, Maviglia R, Maggiore SM, Bocci MG, Montini L, et al.
Online vs live methods for teaching difficult airway management to
anesthesiology residents. Intensive Care Med. 2005; 31(4): 547–552.
2. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of e-learning in medical
education. Acad Med. 2006; 81(3): 207–12.
3. Kavadella A, Tsiklakis K, Vougiouklakis G, Lionarakis A. Evaluation of a
blended learning course for teaching oral radiology to undergraduate
dental students. Eur J Dent Educ. 2012; 16(1): 88–95.
4. de Jong N, Verstegen DL, Tan FS, O’Connor SJ. A comparison of classroom
and online asynchronous problem-based learning for students undertaking
statistics training as part of a public health master’s degree. Adv Health Sci
Educ. 2013; 18(2):245–64.
5. Hegeman JS. Using instructor-generated video lectures in online
mathematics coursesimproves student learning. Online Learn. 2015;19(3):
70–87.
6. Gaupp R, Körner M, Fabry G. Effects of a case-based interactive e-learning
course on knowledge and attitudes about patient safety: a quasiexperimental study with third-year medical students. BMC Med Educ. 2016;
16(1):172.
7. Zheng M, Bender D, Reid L, Milani J. An interactive online approach to
teaching evidence-based dentistry with Web 2.0 technology. J Dent Educ.
2017; 81(8): 995–1003.
8. Means B, Toyama Y, Murphy R, Bakia M, Jones K. Evaluation of evidencebased practices in online learning: A meta-analysis and review of online
learning studies. U.S. Department of Education, Office of Planning,
Evaluation and Policy Development. Washington D.C. 2009.
9. Pei L, Wu H. Does online learning work better than offline learning in
undergraduate medical education? A systematic review and meta-analysis.
Med Educ Online. 2019; 24(1):1666538.
10. Andrews KG, Demps EL. Distance education in the U.S. and Canadian
undergraduate dental curriculum. J Dent Educ. 2003; 67(4):427–38.
11. Kassebaum DK, Hendricson WD, Taft T, Haden NK. The dental curriculum at
North American dental institutions in 2002–03: a survey of current structure,
recent innovations, and planned changes. J Dent Educ. 2004; 68(9):914–931.
12. Haden NK, Hendricson WD, Kassebaum DK, Ranney RR, Weinstein G,
Anderson EL, et al. Curriculum changes in dental education, 2003–09. J
Dent Educ. 2010; 74(5):539–57.
13. DeBate RD, Cragun D, Severson HH, Shaw T, Christiansen S, Koerber A, et al.
Factors for increasing adoption of e-courses among dental and dental
hygiene faculty members. J Dent Educ. 2011; 75(5): 589–597.
14. Saeed SG, Bain J, Khoo E, Siqueira WL. COVID-19: Finding silver linings for
dental education. J Dent Educ. 2020; 84(10):1060–1063.
15. Schlenz MA, Schmidt A, Wöstmann B, Krämer N, Schulz-Weidner N.
Students’ and lecturers’ perspective on the implementation of online
learning in dental education due to SARS-CoV-2 (COVID-19): a crosssectional study. BMC Med Educ. 2020;20(1):1–7.
16. Donn J, Scott JA, Binnie V, Bell A. A pilot of a virtual Objective Structured
Clinical Examination in dental education. A response to COVID-19. Eur J
Dent Educ. 2020; https://doi.org/10.1111/eje.12624
17. Hung M, Licari FW, Hon ES, Lauren E, Su S, Birmingham WC, Wadsworth LL,
Lassetter JH, Graff TC, Harman W, et al. In an era of uncertainty: impact of
COVID-19 on dental education. J Dent Educ. 2020; 85 (2): 148–156.
18. Sadid-Zadeh R, Wee A, Li R, Somogyi‐Ganss E. Audience and presenter
comparison of live web‐based lectures and traditional classroom lectures
during the COVID‐19 pandemic. J Prosthodont. 2020. doi: https://doi.org/1
0.1111/jopr.13301
19. Wang K, Zhang L, Ye L. A nationwide survey of online teaching strategies in
dental education in China. J Dent Educ. 2020; 85 (2): 128–134.
20. Rad FA, Otaki F, Baqain Z, Zary N, Al-Halabi M. Rapid transition to distance
learning due to COVID-19: Perceptions of postgraduate dental learners and
instructors. PLoS One. 2021; 16(2): e0246584.
21. Abbasi S, Ayoob T, Malik A, Memon SI. Perceptions of students regarding Elearning during Covid-19 at a private medical college. Pak J Med Sci. 2020;
36: 57–61.

Zheng et al. BMC Medical Education

(2021) 21:495

22. Al-Azzam N, Elsalem L, Gombedza F. A cross-sectional study to determine
factors affecting dental and medical students’ preference for virtual learning
during the COVID-19 outbreak. Heliyon. 6(12). 2020. doi: https://doi.org/10.1
016/j.heliyon.2020.e05704
23. Chen E, Kaczmarek K, Ohyama H. Student perceptions of distance learning
strategies during COVID-19. J Dent Educ. 2020. doi: https://doi.org/10.1002/
jdd.12339
24. Kaczmarek K, Chen E, Ohyama H. Distance learning in the COVID-19 era:
Comparison of student and faculty perceptions. J Dent Educ. 2020. https://
doi.org/10.1002/jdd.12469
25. Sarwar H, Akhtar H, Naeem MM, Khan JA, Waraich K, Shabbir S, et al. Selfreported effectiveness of e-learning classes during COVID-19 pandemic: A
nation-wide survey of Pakistani undergraduate dentistry students. Eur J
Dent. 2020; 14 (S01): S34-S43.
26. Al-Taweel FB, Abdulkareem AA, Gul SS, Alshami ML. Evaluation of
technology‐based learning by dental students during the pandemic
outbreak of coronavirus disease 2019. Eur J Dent Educ. 2021; 25(1): 183–190.
27. Elangovan S, Mahrous A, Marchini L. Disruptions during a pandemic: Gaps
identified and lessons learned. J Dent Educ. 2020; 84 (11): 1270–1274.
28. Goodenow C. Classroom belonging among early adolescent students:
Relationships to motivation and achievement. J Early Adolesc.1993; 13(1):
21–43.
29. Goodenow C. The psychological sense of school membership among
adolescents: Scale development and educational correlates. Psychol Sch.
1993; 30(1): 79–90.
30. St-Amand J, Girard S, Smith J. Sense of belonging at school: Defining
attributes, determinants, and sustaining strategies. IAFOR Journal of
Education. 2017; 5(2):105–19.
31. Peacock S, Cowan J. Promoting sense of belonging in online learning
communities of inquiry at accredited courses. Online Learn. 2019; 23(2):
67–81.
32. Chan GM, Kanneganti A, Yasin N, Ismail-Pratt I, Logan SJ. Well‐being,
obstetrics and gynecology and COVID‐19: Leaving no trainee behind. Aust
N Z J Obstet Gynaecol. 2020; 60(6): 983–986.
33. Hodges C, Moore S, Lockee B, Trust T, Bond A. The difference between
emergency remote teaching and online learning. Educause Review. 2020;
27, 1–12.
34. Means B, Bakia M, Murphy R. Learning online: What research tells us about
whether, when and how. Routledge. 2014.
35. Iyer P, Aziz K, Ojcius DM. Impact of COVID-19 on dental education in the
United States. J Dent Educ. 2020; 84(6): 718–722.
36. Machado RA, Bonan PRF, Perez DEDC, Martelli JÚnior H. 2020. COVID-19
pandemic and the impact on dental education: Discussing current and
future perspectives. Braz Oral Res. 2020; 34: e083.
37. Wu DT, Wu KY, Nguyen TT, Tran SD. The impact of COVID-19 on dental
education in North America-Where do we go next? Eur J Dent Educ. 2020;
24(4): 825–827.
38. de Oliveira Araújo FJ, de Lima LSA, Cidade PIM, Nobre CB, Neto MLR.
Impact of Sars-Cov-2 and its reverberation in global higher education and
mental health. Psychiatry Res. 2020; 288:112977. doi: https://doi.org/10.1016/
j.psychres.2020.112977
39. Persky AM, Lee E, Schlesselman LS. Perception of learning versus
performance as outcome measures of educational research. Am J Pharm
Educ. 2020; 84(7): ajpe7782.
40. Zoom@. Zoom Video Communications, San Jose, CA, USA. https://zoom.us/
41. Canvas@. Instructure, INC. Salt Lake City, UT, USA. https://www.instructure.
com/canvas
42. SoftChalk@. SoftChalk LLC. San Antonio, TX, USA. https://www.softchalkcloud.
com/
43. Agarwal S, Kaushik JS. Student’s perception of online learning during COVID
pandemic. Indian J Pediatr. 2020; 87: 554–554.
44. Khalil R, Mansour AE, Fadda WA, Almisnid K, Aldamegh M, Al-Nafeesah A,
et al. The sudden transition to synchronized online learning during the
COVID-19 pandemic in Saudi Arabia: a qualitative study exploring medical
students’ perspectives. BMC Med Educ. 2020; 20(1): 1–10.
45. Riley E, Capps N, Ward N, McCormack L, Staley J. Maintaining academic
performance and student satisfaction during the remote transition of a
nursing obstetrics course to online instruction. Online Learn. 2021; 25(1),
220–229.
46. Amir LR, Tanti I, Maharani DA, Wimardhani YS, Julia V, Sulijaya B, et al.
Student perspective of classroom and distance learning during COVID-19

Page 11 of 11

47.

48.

49.
50.

51.
52.

53.
54.

55.
56.
57.

58.

pandemic in the undergraduate dental study program Universitas
Indonesia. BMC Med Educ. 2020; 20(1):1–8.
Dost S, Hossain A, Shehab M, Abdelwahed A, Al-Nusair L. Perceptions of
medical students towards online teaching during the COVID-19 pandemic:
a national cross-sectional survey of 2721 UK medical students. BMJ Open.
2020; 10(11).
Graham CR, Woodfield W, Harrison JB. A framework for institutional
adoption and implementation of blended learning in higher education.
Internet High Educ. 2013; 18: 4–14.
Sing C, Khine M. An analysis of interaction and participation patterns in
online community. J Educ Techno Soc. 2006; 9(1): 250–261.
Bernard RM, Abrami PC, Borokhovski E, Wade CA, Tamim RM, Surkes MA,
et al. A meta-analysis of three types of interaction treatments in distance
education. Rev Educ Res. 2009; 79(3): 1243–1289.
Fedynich L, Bradley KS, Bradley J. Graduate students’ perceptions of online
learning. Res High Educ. 2015; 27.
Tanis CJ. The seven principles of online learning: Feedback from faculty and
alumni on its importance for teaching and learning. Res Learn Technol.
2020; 28. https://doi.org/10.25304/rlt.v28.2319
Dixson MD. Measuring student engagement in the online course: The
Online Student Engagement scale (OSE). Online Learn. 2015; 19(4).
Kwary DA, Fauzie S. Students’ achievement and opinions on the
implementation of e-learning for phonetics and phonology lectures at
Airlangga University. Educ Pesqui. 2018; 44.
Vygotsky LS. Mind in society: The development of higher psychological
processes. Cambridge (MA): Harvard University Press. 1978.
Kahoot!@. Oslo, Norway.https://kahoot.com/
Davis J, Chryssafidou E, Zamora J, Davies D, Khan K, Coomarasamy A.
Computer-based teaching is as good as face to face lecture-based teaching
of evidence-based medicine: a randomised controlled trial. BMC Med Educ.
2007; 7(1): 1–6.
Davis J, Crabb S, Rogers E, Zamora J, Khan K. Computer-based teaching is as
good as face to face lecture-based teaching of evidence-based medicine: a
randomized controlled trial. Med Teach. 2008; 30(3): 302–307.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

